YALE 

UNIVERSITY 


CUSHING/WHITNEY 

MEDICAL  LIBRARY 


Permission  to  photocopy  or  microfilm  processing 
of  this  thesis  for  the  purpose  of  individual 
scholarly  consultation  or  reference  is  hereby 
granted  by  the  author.  This  permission  is  not  to  be 
interpreted  as  affecting  publication  of  this  work  or 
otherwise  placing  it  in  the  public  domain,  and  the 
author  reserves  all  rights  of  ownership  guaranteed 
under  common  law  protection  of  unpublished 
manuscripts. 


Date 


Digitized  by  the  Internet  Archive 
in  2017  with  funding  from 
Arcadia  Fund 


https://archive.org/details/strokeinthoracicOOgold 


Stroke  in  Thoracic  Aortic  Surgery: 
Incidence,  Impact,  Etiology,  and  Prevention 


A  Thesis  Submitted  to  the 
Yale  University  School  of  Medicine 
in  Partial  Fulfillment  of  the  Requirements  for  the 
Degree  of  Doctor  of  Medicine 


by 

Lee  J.  Goldstein 
2000 


YALF  M^HAi  }  iP.pfi.oy 

U J  l  *  ?.000 


m<j  u> 


T  l 


13 


STROKE  IN  THORACIC  AORTIC  SURGERY:  INCIDENCE,  IMPACT, 

ETIOLOGY,  AND  PREVENTION 

Lee  J.  Goldstein,  Javier  J.  Davila,  Matthew  R.  Cooperberg,  Gary  S.  Kopf,  and  John  A.  Elefteriades. 
Section  of  Cardiothoracic  Surgery,  Department  of  Surgery,  Yale  University,  School  of  Medicine, 

New  Haven,  CT. 

Stroke  is  a  devastating  complication  of  thoracic  aortic  surgery.  This  study  determines  its 
incidence,  clinical  impact,  etiology,  and  correlates  for  prevention. 

200  thoracic  aortic  operations  on  197  patients  (127  male,  70  female)  ages  15-86  (mean  age  of 
61)  were  reviewed.  There  were  131  ascending  or  arch  procedures,  and  69  descending  procedures.  In 
ascending  cases,  51  were  performed  with  cardiopulmonary  bypass  (CPB),  77  with  deep  hypothermic 
circulatory  arrest  (DHCA)  (31.5±9.6  minutes  at  17.9  C),  and  3  with  selective  antegrade  cerebral 
perfusion.  In  descending  cases,  15  were  performed  by  “clamp  and  sew,”  46  with  CPB  (either  left 
heart  or  full),  and  8  with  DHCA  (41.8±15.9  minutes  at  17.8  C).  127  cases  were  elective  and  73  were 
emergent. 

18/200  operations  (9%)  were  complicated  by  permanent  neurologic  injuries  consistent  with 
stroke.  1 1  strokes  occurred  in  ascending  and  7  in  descending  operations  (8.40%  vs.  10.14%,  p- NS). 
Stroke  occurred  in  10/74  (13.5%)  of  emergent  and  8/126  (6.4%)  of  elective  operations  (p- 0.09).  7/18 
stroke  patients  died  prior  to  discharge  (39%).  Analysis  of  operative  reports,  brain  images,  and 
neurologic  consults  revealed  1 1/18  strokes  were  embolic,  4/18  ischemic,  2/18  hemorrhagic,  and  1/18 
indeterminate.  Patients  with  stroke  had  longer  ICU  stays  (20.0  days  vs.  7.4  days,  /?<0.001 ),  times  to 
extubation  (18.9  days  vs.  4.5  days,  p<0. 0001 )  and  post-operative  stays  (34.6  days  vs.  16.1  days, 
p< 0.005).  Kaplan-Meier  analysis  showed  decreased  age-adjusted  survival  for  stroke  patients  (RR 
2.97,  /;<0.004). 

This  study  concludes  that:  ( 1 )  Stroke  is  a  common  complication  of  thoracic  aortic  surgery 
that  warrants  consideration  in  decision  making.  (2)  Stroke  complicates  both  ascending  and 
descending  aortic  operations.  (3)  Strokes  are  largely  embolic.  (4)  Anti-embolic  measures  for 
particles/air  are  essential,  including:  gentle  aortic  manipulation,  impeccable  debridement, 
transesophageal  echocardiography  to  identify  aortic  atheromas,  C02  flooding  of  the  field,  and  (in 
descending  cases)  proximal  clamp  application  prior  to  initiating  femoral  perfusion. 


Acknowledgements 

Special  thanks  to  John  A.  Elefteriades,  MD  for  his  intellectual  guidance,  support,  and 
assistance  with  technical  recommendations. 

Thanks  to  Matthew  R.  Cooperberg  and  Javier  J.  Davila,  MD  for  their  assistance  with 
statistics  and  data  collection. 

Thanks  to  Felix  Adler  for  his  beautiful  illustrations. 

Thanks  to  the  Section  of  Cardiothoracic  Surgery  and  the  Department  of  Surgery  for  their 
support  of  my  work. 

This  research  was  funded  in  part  by  an  American  Heart  Association  Student  Scholar  in 
Cardiovascular  Disease  and  Stroke  Fellowship. 


Table  Of  Contents 


Introduction . 

Statement  of  Purpose . 

Hypothesis . 

Methods . 

Results . 

Patient  Characteristics . 

Stroke  Incidence . 

Etiology . 

Clinical  Impact . 

Discussion . 

Incidence . 

Impact . 

Etiology . 

Prevention . 

(1)  Mobilization . 

(2)  Debridement . 

(3)  Cannulation  and  Perfusion . 

(4)  C02  Flooding . 

(5)  Order  of  Clamping . 

(6)  Avoidance  of  Left  Atrium  in  Atrial  Fibrillation 

Table  1  -  Patient  Data . 

Table  2  -  Operative  Details . 

Table  3  -  Stroke  Rates . 

Figures . 

Appendix  A  -  Data  collection  form . 

References . 


.6 

..6 

..7 

.9 

..9 

.9 

10 

10 

12 


12 

12 

13 

13 

14 
14 

14 

15 

15 

16 

17 

18 

19 

20 

30 

31 


Introduction 


Diseases  of  the  arterial  system  have  been  known  since  ancient  times.  Arterial 
dilations,  or  aneurysms,  were  first  described  circa  2000  BC  in  the  Ebers  Papyrus ,  an 
Egyptian  medical  text.(  1 )  As  generations  of  physicians  studied  aortic  disease,  pathologies 
other  than  aneurysmal  disease  became  better  characterized.  Rupture  of  the  inner  coat  of 
the  aorta  in  absence  of  the  outer  coat  was  first  described  by  Nicholls  in  1728.(2)  He 
followed  this  description  in  1761  with  a  post-mortem  diagnosis  of  this  pathology  in  King 
George  II  of  England.(3)  In  1826,  Laennec  named  this  pathology  “aneurysme 
dissequant,”  or  “dissecting  aneurysm,”  associating  aortic  dissection  with  aneurysms,  and 
not  as  a  distinct  entity. (4)  As  diagnostic  imaging,  medical  therapy,  and  surgical  treatment 
evolved  through  the  mid- 1900s,  antemortem  detection  and  treatment  of  aortic  disease 
became  a  clinical  reality.  Today,  due  to  modern  three-dimensional  imaging  techniques 
and  our  expanding  repertoire  of  therapeutic  drugs  and  surgical  procedures,  physicians  are 
able  to  discriminate  more  accurately  between  aortic  aneurysm,  classic  aortic  dissection, 
and  variants  of  aortic  dissection,  and  to  effectively  provide  care  for  these  disorders. 
Recently,  the  literature  has  described  the  natural  histories  of  alternate,  atypical  disorders 
that  often  are  misdiagnosed  as  aortic  dissection,  including  intramural  hematoma  of  the 
thoracic  aorta,  and  penetrating  atherosclerotic  aortic  ulcer. 

Many  of  these  diseases  occur  throughout  the  length  of  the  human  aorta.  However, 
the  thoracic  aorta  falls  victim  to  a  unique  subset  of  these  diseases  -  diseases  with  distinct 
natural  histories  depending  on  their  locations.  Aneurysms  and  dissections  of  the 
descending  thoracic  aorta  behave  differently  than  those  of  the  ascending  aorta,  and  thus 
the  two  have  different  surgical  intervention  criteria.(5)(6)  Additionally,  the  anatomy  of 
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the  cerebral  circulation  makes  surgical  repair  of  thoracic  aortic  disease  entirely  different 
from  that  of  abdominal  aortic  disease. 

Since  the  first  replacement  of  the  aortic  arch  by  DeBakey  and  colleagues  in 
1957(7),  protecting  the  brain  while  completing  a  reconstruction  of  the  arch  and  the 
origins  of  the  cerebral  vessels  has  been  a  major  challenge  of  aortic  surgery.  Standard 
cardiopulmonary  bypass  is  impossible  in  this  region  of  the  circulatory  system.  Since 
surgery  began  on  the  aorta  and  the  aortic  arch,  many  mechanisms  have  been  proposed  to 
protect  the  brain.  Early  attempts  involved  circulatory  arrest  periods  with  systemic 
hypothermia,  with  the  first  systematic  application  of  this  technique  for  cerebral  protection 
reported  by  Griepp  et  al.  in  1975.(8)  Better  understanding  of  the  physiology  of 
hypothermia  combined  with  an  increased  knowledge  of  the  role  played  by 
pharmacological  protection  has  rendered  these  techniques  safe,  reliable  standards  of  care. 
More  modern  attempts  focus  on  maintaining  cerebral  perfusion  during  the  aortic  repair, 
either  via  antegrade  or  retrograde  perfusion,  or  protecting  the  brain  during  a  period  of 
interrupted  perfusion. 

Direct  antegrade  (selective)  cerebral  perfusion  (SCP)  was  recommended  by  Frist 
in  1986.(9)  Antegrade  cerebral  perfusion  by  cannulation  of  the  cerebral  vessels  has  the 
advantage  of  maintaining  forward  cerebral  perfusion  through  the  entire  procedure,  while 
carrying  the  risks  of  cerebral  vessel  dissection,  vessel  plaque  embolization  during 
cannulation,  and  the  lack  of  a  standard  perfusion  circuit  protocol. ( 10)  Despite  these  risks, 
the  increased  complexity  of  the  procedure,  and  an  overcrowded  surgical  field,  this  is  the 
preferred  method  of  some  surgeons  and  favorable  results  have  been  reported. (1 1 )( 1 2)(  13) 
Other  antegrade  perfusion  techniques  include  isolating  the  cerebral  vessels  on  an  island 
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of  aortic  tissue,  and  suturing  a  graft  to  that  island  which  can  be  used  for  perfusion, 
obviating  the  need  to  individually  cannulate  the  cerebral  vessels,  and  minimizing  the  risk 
of  cerebral  vessel  dissection. ( 14)  The  arch  repair  is  completed  with  a  second  aortic  graft, 
to  which  the  first  graft  is  later  anastomosed. 

First  reported  as  a  method  for  treating  massive  air  embolism  during 
cardiopulmonary  bypass,  retrograde  cerebral  perfusion  (RCP)  has  been  advocated  as  a 
method  for  flushing  embolic  debris  from  the  arterial  vessels,  while  also  maintaining 
protective  perfusion  of  the  brain.(15)(16)(  17)  This  technique  involves  reversing  flow  and 
perfusing  the  brain  via  the  cerebral  venous  system,  either  intermittently  or  continuously, 
as  an  adjunct  to  hypothermic  arrest.  However,  the  efficacy  of  this  technique  of  extending 
the  safe  period  of  circulatory  arrest  has  not  been  unequivocally  proven  in  clinical  studies, 
and  problems  of  cerebral  edema  due  to  increased  cerebral  venous  pressures  and  increased 
blood  in  the  operative  field  remain.(18)(19)(20)  In  addition,  a  primate  study  has  shown 
the  majority  of  flow  to  return  via  venous  collaterals,  with  less  than  1%  of  flow  actually 
returning  via  the  arch  arteries.(21)  The  proposed  benefit  of  flushing  out  debris  from  small 
arterial  vessels  has  not  been  proven.  This  technique  may  become  more  widespread  as 
more  recent  studies  with  larger  patient  populations  have  begun  to  show  statistically 
significant  benefits. (22) 

Deep  hypothermic  circulatory  arrest  (DHCA)  is  now  the  most  widely  used 
method  for  cerebral  protection.  This  technique  employs  systemic  cooling  via 
cardiopulmonary  bypass,  followed  by  a  period  of  absolute  circulatory  arrest.  An  arrest 
interval  of  up  to  45  minutes  is  considered  safe,  with  risk  of  neurologic  sequelae 
increasing  dramatically  after  60  minutes. (23)(24)  During  this  critical  arrest  period  the 
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great  vessels  may  be  opened  without  fear  of  exsanguination  and  the  anastomoses  are 
completed.  Although  the  optimal  temperature  for  systemic  hypothermia  remains  a  subject 
of  debate,  most  surgeons  maintain  a  temperature  of  10-20  degrees  Celsius. (23)  Systemic 
cooling  to  less  than  10  degrees  Celsius  results  in  severe  pulmonary  edema  and  decreased 
survival. (23) 

Pharmacologic  measures  have  also  contributed  to  protecting  the  brain  during 
aortic  surgery.  Pretreatment  with  high  dose  steroids  and/or  barbiturates  has  been 
advocated  as  a  method  of  decreasing  neuronal  metabolic  demands. (23)  Antegrade, 
intermittent  infusion  of  asanguineous  hypothermic  fluid  into  both  carotid  arteries  to 
protect  the  brain,  much  as  cardioplegia  protects  the  heart,  has  shown  to  be  beneficial  in 
the  animal  laboratory. (25)  Additionally,  the  use  of  hypothermic  asanguineous 
“cerebroplegia”  in  the  future  may  prove  to  be  the  optimal  combination  of  temperature, 
oxygen,  and  chemical  protectants  with  which  to  protect  neurologic  integrity. (23)(26) 

Despite  the  effort  that  has  gone  into  cerebral  protection,  stroke  remains  a 
devastating,  at  times  underemphasized,  complication  of  thoracic  aortic  surgery.  The 
surgeon  must  balance  the  life-threatening  sequelae  of  untreated  thoracic  aortic  disease 
with  the  risks  associated  with  surgical  repair.  Surgeons  have  often  focused  on  death, 
bleeding,  and  paraplegia  as  the  major  adverse  outcomes  of  thoracic  aortic  surgery.  This 
study  aims  to  scrutinize  specifically  the  complication  of  stroke  after  aortic  surgery. 

Stroke  following  thoracic  aortic  surgery  is  hypothesized  to  occur  by  the  following 
mechanisms:  systemic  hypotension  (especially  with  cerebrovascular  disease),  particulate 
or  air  embolization,  malperfusion  syndromes  (in  aortic  dissection,  where  the  true  lumen 
of  the  cerebral  vessels  is  occluded),  and  inadequate  brain  protection  during  circulatory 
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arrest  intervals.  Studies  have  shown  that  many  of  the  strokes  occurring  during  thoracic 
aortic  surgery  are  unrelated  to  the  method  or  duration  of  cerebral  protection,  and  are  more 
likely  due  to  the  inherent  atheromatous  disease  of  the  patient’s  aorta.(27)(28)(29)(30)(3 1 ) 
By  closely  examining  the  strokes  occurring  at  Yale-New  Haven  Hospital,  this  study 
elucidates  the  pathophysiology  behind  these  events.  Knowledge  of  the  mechanisms  by 
which  cerebrovascular  accidents  occur  in  thoracic  aortic  surgery,  and  their  relationship  to 
the  method  of  cerebral  protection  employed  and  the  extent  of  atheromatous  disease,  may 
lead  to  alterations  in  technique  which  could  reduce  the  incidence  of  this  complication. 

Most  clinical  reports  on  aortic  surgical  procedures  simply  state  an  overall 
incidence  of  stroke  without  specific  analysis  of  this  complication.(12)(31)(32)(33)  Stroke 
is  not  often  considered  as  a  common  sequel  of  descending  aortic  operations  and  is 
frequently  omitted  in  papers  on  this  topic.  Regarding  the  ascending  aorta,  it  is  often 
difficult  to  compare  interinstitutional  data  due  to  differences  in  the  use  of  deep 
hypothermic  circulatory  arrest,  retrograde  cerebral  perfusion,  and  antegrade  cerebral 
perfusion  during  the  arrest  interval.  This  study  focuses  specifically  on  the  complication  of 
stroke  and  the  specific  mechanisms  of  its  occurrence. 
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Statement  of  Purpose 

The  objectives  of  this  study  are:  to  determine  the  incidence  of  stroke  as  a 
complication  of  aortic  surgery  based  on  data  from  Yale-New  Haven  Hospital;  to 
determine  the  clinical  impact  these  strokes  have  on  early  and  late  survival;  to  analyze  the 
clinical  details  of  patients  suffering  strokes  to  determine  the  etiology  of  these  strokes;  and 
finally,  to  give  suggestions  for  prevention  of  stroke  based  on  the  pathologic  mechanisms 
by  which  they  occur. 

Hypothesis 

Based  on  the  available  literature,  I  hypothesize  that  strokes  occurring  after 
thoracic  aortic  surgery  are  not  related  to  the  method  or  duration  of  cerebral  protection 
employed,  but  rather  to  the  surgical  manipulation  and  inherent  atheromatous  disease  of 


the  patient’s  vasculature. 
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Methods 

This  study  retrospectively  analyzed  200  consecutive  thoracic  aortic  operations 
performed  on  197  patients  from  1989-1998.  All  surgical  procedures  for  thoracic  aortic 
disease  were  included.  All  procedures  involved  the  use  of  a  dacron  interposition  graft  to 
repair  the  affected  aortic  segments.  Reimplantation  of  the  coronary  arteries,  concomitant 
coronary  revascularization  procedures,  and  resuspension  or  replacement  of  the  aortic 
valve  were  performed  as  indicated.  Charts  were  reviewed  and  data  points  collected  as 
listed  in  Table  !.  Chart  review  was  largely  completed  by  the  author,  with  assistance  from 
Javier  J.  Davila,  MD.  A  sample  data  sheet  used  for  collection  of  patient  information  can 
be  found  in  Appendix  A.  Long-term  follow-up  was  conducted  through  office  visits, 
telephone  interviews,  and  analysis  of  office  records.  In  this  review,  patients  suffering 
stroke  were  evaluated  intensively,  using  operative  reports,  computed  tomography  (CT) 
scans,  magnetic  resonance  imaging  (MRI)  and  neurological  consultation  reports  in 
combination  with  neuroradiological  consultation  for  the  purposes  of  this  study,  to 
determine  the  etiology  of  these  strokes. 

Multivariate  logistic  regression  analysis  was  performed  to  investigate 
preoperative  and  intraoperative  predictors  of  stroke,  using  the  logistic  regression 
procedure  of  the  SAS  System  (The  SAS  Institute,  Cary,  North  Carolina).  Univariate 
analysis  of  number  of  days  intubated,  intensive  care  unit  length  of  stay,  and  postoperative 
length  of  stay  was  performed  to  determine  significant  differences  (p< 0.05)  in  clinical 
outcomes  of  stroke  patients.  The  Wilcoxon  Rank  Sum  test  was  employed  for  univariate 
analysis  using  the  NPAR1WAY  procedure  of  the  SAS  System.  Kaplan-Meier  survival 
analysis  was  performed  and  the  log-rank  calculated;  results  were  also  adjusted  for  age 
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using  proportional  hazards  regression,  both  with  the  SAS  System.  Statistical  analysis  was 
performed  by  the  author,  under  the  guidance  of  Matthew  R.  Cooperberg. 


Results 


Patient  Characteristics 

Our  review  of  200  operations  yielded  197  patients,  127  of  whom  were  male 
(64.5%),  and  70  of  whom  were  female  (35.5%).  Patient  age  ranged  from  15  to  86  years, 
with  a  mean  age  of  61  years.  Operative  details  are  summarized  in  Table  2.  No  retrograde 
cerebral  perfusion  was  used  in  our  study.  126  (63%)  operations  were  elective,  while  74 
(37%)  were  emergent,  with  44  ruptured  aortas,  defined  as  free  blood  in  the  pericardium 
or  mediastinum. 

Multivariate  logistic  regression  analysis  performed  on  the  preoperative 
characteristics  listed  in  Table  1  did  not  reveal  any  significant  preoperative  predictors  of 
stroke.  Additionally,  there  was  no  significant  association  between  the  type  of  cerebral 
protection  employed,  the  duration  of  circulatory  arrest,  or  the  procedure  performed  and 
the  incidence  of  cerebrovascular  accident. 

Stroke  Incidence 

18  of  200  (9%)  operations  resulted  in  cerebrovascular  accident,  defined  as  a 
permanent,  new,  central  neurologic  deficit.  Spinal  cord  ischemia  was  not  included  in  this 
analysis,  as  our  intent  was  to  focus  on  discrete  lesions  of  the  brain.  The  incidence  of 
stroke  is  compared  for  location  of  aortic  disease  and  urgency  of  procedure  in  Table  3. 
Stroke  occurred  in  1 1  of  131  (8.9%)  ascending  aortic  procedures  and  7  of  69  ( 10. 14%)  of 
descending  aortic  procedures.  Stroke  occurred  in  8  of  126  (6.3%)  elective  operations  and 
10  of  74  ( 13.5%)  of  emergent  operations.  There  was  no  statistical  difference  between  the 
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incidence  of  stroke  in  ascending  versus  descending  operations,  though  there  was  a  strong 
trend  (/?=0.09)  towards  higher  stroke  incidence  in  emergent  operations. 

Etiology 

Using  operative  reports  (specifically,  surgeon’s  report  of  severe  atheroma  or  clot), 
neurological  clinical  consultation  and  neuroradiological  evaluation  of  stroke  pattern  on 
CT  or  MRI,  we  were  able  to  assign  a  specific  etiology  for  all  except  one  of  the  strokes. 
61%  of  strokes  (1 1/18)  encountered  were  embolic  in  origin,  while  22%  (4/18)  were 
ischemic,  and  1  1%  (2/18)  were  hemorrhagic.  The  etiology  of  one  patient’s  stroke  was 
unable  to  be  determined.  Neuroradiological  representations  of  embolic,  ischemic,  and 
hemorrhagic  strokes  are  illustrated  in  Figures  1-3. 

Clinical  Impact 

7/18  (39%)  of  patients  suffering  a  stroke  did  not  survive  the  post-operative 
hospital  stay.  Of  all  post-operative  mortalities  from  aortic  surgery,  fully  22%  (6/27) 
occurred  in  those  suffering  stroke. 

Of  those  surviving  the  post-operative  hospital  stay,  patients  suffering  stroke 
stayed  an  average  of  12.6  days  longer  in  the  intensive  care  unit  than  those  without  stroke 
(20.0  days  vs.  7.4  days,  pcO.OOl).  Additionally,  patients  with  stroke  stayed  intubated  an 
average  of  14.4  days  longer  than  those  without  stroke  (18.9  days  vs.  4.5  days,  /xO.OOOl ). 
Finally,  patients  with  stroke  stayed  an  average  of  18.5  days  longer  in  the  hospital 
following  surgery  than  those  without  (34.6  days  vs.  16. 1  days,  /?<0.005). 

Long  term  follow-up  of  patients  surviving  the  post-operative  course  via  office 
visits,  telephone  calls,  and  office  records  shows  a  marked  difference  in  survival,  with 


those  patients  suffering  stroke  exhibiting  a  greatly  decreased  long-term  survival 
compared  to  those  without  stroke  (p= 0.0002)  (Figure  4).  This  difference  persists  when 
the  results  are  adjusted  for  patient  age  using  proportional  hazards  regression  (RR=2.97, 
p=0.004). 


Discussion 


Incidence 

Stroke  was  found  in  this  review  to  be  disturbingly  frequent  after  aortic  surgery 
(8.4%  for  ascending  operations  and  10.14%  for  descending  operations).  The  incidence 
following  aortic  surgery  is  fully  in  line  with  prior  reviews. (28 )(32)(24)(34)  Little 
information  is  available  in  the  literature  on  stroke  after  descending  aortic  surgery  for 
comparison  with  our  data. 

Surgeons  consider  stroke  as  a  potential  complication  in  ascending  operations  but 
are  generally  much  less  concerned  in  descending  operations.  Occurrence  of  stroke  is 
somewhat  counterintuitive  in  descending  operations  as  the  descending  aorta,  being 
downstream  from  the  head  vessels,  might  not  be  expected  to  be  a  significant  source  of  air 
or  particulate  matter.  This  study  found  that  stroke  does  indeed  occur  in  descending 
operations,  in  fact  fully  as  frequently  as  in  ascending  operations.  Yale  surgeons  believe 
that  manipulation  of  the  aortic  arch  for  proximal  control  in  aortic  operations  is  one  factor 
and  that  retrograde  perfusion  from  below  (femoral  artery)  is  another  factor  producing 
stroke  in  descending  aortic  operations,  though  current  data  neither  supports  nor  refutes 
this  conclusion. 


Impact 

This  study  has  shown  that  stroke  has  a  devastating  impact  on  survival,  producing 
death  in  hospital  in  39%  of  those  affected,  and  leaving  only  35%  alive  at  2  years. 
Hospital  morbidity  was  dramatically  increased  in  survivors,  including  intensive  care  unit 


' 
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stay,  duration  of  intubation,  and  postoperative  hospital  stay.  In  addition  to  the  usual 
concerns  of  death,  bleeding,  and  paraplegia,  surgeons  must  consider  stroke  heavily  when 
deciding  to  operate  on  the  thoracic  aorta. 


Etiology 

This  study  found  that  no  measured  preoperative  patient  characteristic  was 
predictive  of  stroke,  nor  were  intraoperative  variables  such  as  bypass  or  arrest  time 
correlated  with  an  increase  in  the  stroke  rate.  The  clinico-radiographic  analysis  revealed 
that  the  strokes  in  this  study  were  predominantly  (61%)  embolic  in  nature.  Embolic 
etiology  would  explain  the  failure  to  correlate  with  measurable  characteristics  in 
multivariable  analysis  as  embolism  is  a  purely  technical  issue.  Ergin  et  al.  also  concluded 
that  permanent  neurologic  deficits  were  due  to  thromboembolic  events,  and  not  related  to 
the  type  of  cerebral  protection  employed. (28) 


Prevention 

As  intraoperative  emboli  are  the  overwhelming  etiology  of  cerebrovascular 
accidents  in  this  study,  anti-embolic  precautions  during  the  operative  period  become 
paramount.  The  sobering  impact  of  stroke  on  length  and  quality  of  life  apparent  in  this 
review  leads  the  surgeon  to  focus  on  potential  modifications  to  operative  technique  to 
reduce  the  incidence  of  stroke  in  patients  undergoing  thoracic  aortic  surgery.  Several 
practical  recommendations  arise  as  corollaries  of  the  embolic  etiologic  mechanism  of 


stroke. 
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In  addition  to  the  attention  commonly  given  to  minimize  cardiopulmonary  bypass 
time  and  deep  hypothermic  arrest  interval,  the  surgeon  must  focus  on  anti-embolic 
precautions.  The  following  specific  technical  alterations  in  conduct  of  surgery  are 
recommended: 


(1)  Mobilization 

Roach  et  al.  found  that  proximal  aortic  atherosclerosis  detected  by  intraoperative 
palpation  was  strongly  associated  with  adverse  neurologic  outcomes  following  coronary 
bypass  surgery,  leading  them  to  conclude  these  events  were  embolic  in  nature. (35) 
Manipulation  of  the  severely  diseased  aorta  can  often  lead  to  the  release  of  aortic  debris. 
Even  mobilization  of  an  atheromatous  aorta  for  descending  operations  can  liberate 
emboli  to  the  cerebral  vessels.  Thus  extreme  care  is  taken  in  manipulation  of  the  aortic 
arch  for  proximal  control  in  descending  aortic  operations  (Figure  5). 


(2)  Debridement 

Severely  diseased  aortic  cuffs  are  meticulously  debrided  of  atheromatous  debris  prior  to 
anastomosis  and  restoration  of  circulation,  as  remnants  can  easily  be  embolized  to  the 
head  vessels  (Figure  6). 


(3)  Cannulation  and  Perfusion 

Transesophageal  echocardiography  (TEE)  can  map  the  location  and  severity  of  aortic 
atheromatous  disease  and  direct  the  surgeon  towards  different  cannulation  and  perfusion 
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approaches. (30)(36)(37)  In  patients  with  severe  descending  aortic  mobile  atheroma,  the 
surgeon  may  be  presented  with  unfavorable  conditions  for  retrograde  femoral  perfusion. 
In  these  cases,  alternative  perfusion  sites,  for  example  the  subclavian  or  axillary  arteries, 
may  prove  effective  at  preventing  embolization  of  debris,  especially  as  these  sites  provide 
“antegrade”  flow  (Figure  7).  Retrograde  flow  may  be  more  likely  to  lift  the  “shingle-like” 
atheromas  molded  by  years  of  natural  antegrade  flow  (Figure  8). 


(4)  CO ,  Flooding 

Yale  employs  carbon  dioxide  flooding  of  the  operative  field.  As  carbon  dioxide  is  heavier 
than  atmospheric  air,  it  will  displace  this  air.  Theoretically,  any  air  embolized  from  the 
field  will  be  carbon  dioxide,  which  will  more  easily  dissolve  once  in  the  cerebral 
circulation,  and  pose  less  of  a  risk  to  the  patient.  This  modality  has  an  excellent 
therapeutic  ratio:  essentially  no  cost  and  significant  potential  benefits  (Figure  9). 


(5)  Order  of  Clamping 

This  study  recommends  application  of  the  proximal  clamp  (in  descending  aortic  surgery) 
prior  to  the  institution  of  femoral  perfusion,  to  prevent  any  disrupted  atheromatous  debris 
from  reaching  the  cerebral  circulation  (Figure  10).  Similarly,  one  should  discontinue 
perfusion  before  release  of  the  proximal  clamp. 
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(6)  Avoidance  of  Left  Atrium  in  Atrial  Fibrillation 

In  patients  with  atrial  fibrillation,  the  authors  recommend  avoiding  cannulation  of  the  left 
atrial  appendage  for  left  atrial-femoral  bypass  for  descending  aortic  surgery,  for  fear  of 
liberating  debris  from  the  appendage  by  the  cannulation  process.  Femoro-femoral  bypass 
or  deep  hypothermic  arrest  may  be  preferable  techniques. 

This  study  concludes  that  the  potential  for  postoperative  strokes  is  significant 
after  thoracic  aortic  surgery  and  needs  careful  inclusion  in  weighing  the  pros  and  cons  of 
surgical  intervention  for  a  particular  patient.  The  risk  of  stroke  is  about  10%.  Stroke  is 
often  lethal  (39%)  in  the  setting  of  thoracic  aortic  surgery.  Stroke  accounts  for  one- 
quarter  of  all  deaths  from  thoracic  aortic  surgery.  Even  if  the  stroke  patient  survives  the 
hospital,  only  35%  will  be  alive  two  years  after  thoracic  aortic  resection.  The  majority  of 
strokes  are  embolic  -  technically  related.  Specific  technical  correlates  for  prevention 
present  themselves  once  the  embolic  etiology  is  recognized.  Further  studies  must  be 
undertaken  to  evaluate  the  efficacy  of  these  techniques  in  reducing  the  incidence  of 
stroke  -  a  devastating  complication  of  thoracic  aortic  surgery. 
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Table  1  -  Patient  Data 


Preoperative  Characteristics 

Stroke  (N=18) 

No  Stroke  (N=  1 82) 

P 

Tobacco  Use 

10 

97 

0.86 

Ethanol  Use 

6 

36 

0.18 

Prior  CVA 

1 

15 

0.69 

COPD 

2 

14 

0.61 

CAD 

5 

44 

0.74 

Obesity 

1 

1 1 

0.93 

Valvular  Heart  Disease 

4 

61 

0.33 

CHF 

0 

15 

0.21 

Prior  Vascular  Surgery 

1 

9 

0.91 

Prior  AAA 

2 

13 

0.54 

Prior  Aortic  Surgery 

1 

15 

0.69 

Prior  Cardiac  Surgery 

1 

17 

0.59 

Chronic  Renal  Failure 

1 

13 

0.80 

Hypertension 

13 

118 

0.53 

Carotid  Artery  Disease 

0 

3 

0.58 

Peripheral  Vascular 

1 

12 

0.87 

Disease 

Hypercholesterolemia 

1 

17 

0.59 

Diabetes 

1 

7 

0.723 

CVA  =  Cerebrovascular  accident,  COPD  =  Chronic  obstructive  pulmonary  disease, 
CAD  =  Coronary  artery  disease,  CHF  =  Congestive  heart  failure,  AAA  =  Abdominal 
aortic  aneurysm 
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Other  (including  trauma) 

- MSP  =  Intra-aortic  Balloon  Pump,  percentiles  indicate  the  percentage  of  the  study  group  represented  by  the  figure. 
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Table  3  -  Stroke  Rates 


Ascending  Descending  Elective  Emergent 

_ n=131 _ n=69 _ n=126 _ n  =  74 _ 

Stroke  11(8.40%)  7(10.14%)  8(6.3%)  10(13.5%) 

p= NS_ p= 0.09 

Percentiles  indicate  the  percentage  of  the  study  group  represented  by  the  figure. 
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Figure  1:  Computed  tomography  of  embolic  stroke.  Note  the  hypodense  infarct  in  the 
right  occipital  region,  with  marked  loss  of  brain  substance.  There  is  no  midline  shift. 


21 


Figure  2:  Computed  tomography  of  ischemic  stroke.  Note  the  diffuse  edema  of  the 
entire  brain,  with  loss  of  the  grey  matter-white  matter  junction,  effacement  of  the 
sulci  and  minor  deviation  of  the  falx  cerebri. 
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Figure  3:  Computed  tomography  of  hemorrhagic  stroke.  Note  the  obvious 
extravasation  of  blood  and  midline  shift  due  to  the  mass  effect  of  the  bleed. 


Survival 
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Impact  of  Stroke  on  Long-Term  Survival 


Figure  4:  Kaplan-Meier  survival  analysis  of  patients  suffering  stroke  following  aortic 
surgery. 
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Figure  5:  Gentle  manipulation  of  diseased  aortas  may  prevent  embolization  during 
mobilization. 


25 


Figure  6:  Meticulous  debridement  of  atheromatous  debris  from  the  aorta  and  arch  is 
essential  to  prevent  embolization. 
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Figure  7:  Alternates  to  traditional  retrograde  femoral  perfusion  to  minimize  embolic 
events. 
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Figure  8:  Reversing  flow  via  femoral  perfusion  may  cause  plaques  which  have  become 
accustomed  to  antegrade  flow  to  be  liberated  into  the  head  vessels. 
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Atmospheric  Air  Q^m 


Figure  9:  Carbon  dioxide  flooding  of  the  field  can  help  minimize  embolization  of 
atmospheric  air  to  the  cerebral  circulation  when  opening  the  aorta. 
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Figure  10:  Application  of  proximal  clamp  prior  to  institution  of femoral  perfusion  to 
minimize  embolization  of  disrupted  plaques. 


APPENDIX  A  -  30 
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Cerebrovascular  Accidents  Following  Aortic  Surgery 
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HR 
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